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Abstract: Informal urbanism has become a widespread form of urbanisation, particularly in the con-
text of the global South. While there is an emerging body of knowledge focusing on the morphologies
of informal settlements, the incremental transformations of emerging settlements have remained
underexplored. Drawing on a case study of an emerging settlement in Nigeria, we map the emer-
gence and incremental transformation of access networks and buildings. This is an exploratory study
focusing on the morphogenesis of emerging settlements to explore how the incremental production
of space works. We adopt urban mapping and typology as key methods. Following the analysis of
emerging access networks, this paper identifies three primary types of change, namely add, alter,
and remove, and further develops a typology of emerging junctions by specifying four types of T, Y,
X, and Mixed shape junctions. The incremental transformations of buildings primarily incorporate
practices of addition and removal, among others. We also identify three forms of relation between
the emerging access networks and buildings: access network first, building first, and co-production.
We argue that moving towards developing adaptive design interventions relies on a sophisticated
understanding of the process of morphogenesis in emerging settlements.
Keywords: informality; informal urbanism; urban form; morphology; morphogenesis; incrementalism;
urbanisation; informal settlement; urbanism; mapping
1. Introduction
Informal urbanism has become a widespread form of urbanisation, particularly in
the context of the global South. The urban future lies in cities of the global South and
can most effectively be explored by closely looking at how they work [1] (p. 9). Forms
of informality incorporate a range of tactical activities including what Bayat [2] calls ‘the
quiet encroachment of the ordinary’ and what Tonkiss [3] calls ‘informality from above’ as
tactical practices of the powerful. Our focus in this paper is on the former in the context of
emerging ordinary built environments in the global South, where many people find shelter
through informal processes [4] (p. 203). Urban informality is a multifaceted, complex and
multidimensional concept, which hardly lends itself to accurate and concise definitions.
It has been referred to as a way of life [1], a mode of space production and regulation [5],
and more of a practice than a labour categorisation [6] with a capacity to enable activities
and people to interact beyond regulatory frameworks [7]. Urban informality is also charac-
terised by flexibility, decentralisation, and micro-scale entrepreneurial activities [8]. We
begin with the view that informal urbanism is an open multiplicity working in relation to
formality across different scales and contexts.
Accommodating about 881 million urban residents [9] (p. 48), informal settlements are
among the primary forms of informal urbanism that have largely emerged outside of state
control in terms of urban design, planning, architecture, construction, and codes. At stake
is to seek a nuanced understanding of how these settlements work as the built environment
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professions can no longer ignore the task of designing, maintaining, or transforming the or-
dinary across scales [4]. Terminology can be challenging as informal settlements have also
been referred to as unplanned, unauthorised, spontaneous, squatter, self-made, irregular,
and slum, among others. While terms such as ‘informal’ and ‘squatter’ may interchange-
ably be used, squatter settlements refer to how freehold or state land can be occupied
illegally [10]. The term ‘slum’ with enduring connotations of overcrowding and disease
indicates a condition rather than a housing type [11]. The dynamics of both process and
product of spontaneous settlements can also be explored using the frameworks developed
to enable a sophisticated understanding of vernacular environments [12]. Exploring the
critical role of users in housing design, management, and construction has been integral to
the articulation of ‘housing as a verb’ by Turner [13]. Incremental change often comes with
forms of improvisation and spontaneity [14]. We adopt emerging settlement broadly as a
generative mode of planning, urban design, and architecture to analyse the emergence and
incremental transformation of ordinary built environments.
While informal settlements may share some similarities across different contexts, there
are different typologies and morphologies of informal settlement [15,16]. Most literature
on informal urbanism engages with the dynamics of governance, political economy, or
socio-economic processes, among others [2,17–20]. Yet, little is known about the micro-
scale morphologies and morphogenesis of ordinary built environments. This study builds
upon the emerging body of knowledge exploring the morphologies, typologies, and
morphogenesis of informal settlements [21–28]. Analysing the growth of the road network
over about two centuries in a study area in Milan, Strano et al. [29] showed quantitatively
the two processes of ‘densification’ and ‘exploration’ that govern the evolution of the
network. Iovene et al. [30] identified patterns of change in a settlement in Lima by analysing
the urban form over about 70 years based on the notion that, while informal settlements
often change at a fast rate, there are similarities between how informal settlements and
pre-modern cities change. Porta et al. [31] found similar patterns in informal and historic
street networks suggesting that informal settlements can be considered as contemporary
examples illustrating the logic of self-organisation in historic cities. In a recent study by
Geddes [32], a diachronic analysis was conducted to explore the mechanisms of growth
in the case of Limassol. While the questions of visibility and image cannot be simply
ignored [33], our focus in this paper is primarily on the ways in which the morphogenesis
of emerging settlements work. Our aim here is by no means to focus on the aesthetics of
the physical form.
Urban morphology plays a key role in urban design [34–36] and contributes to our
understanding of the built environment by exploring human settlements, their forms,
structures, and formation/transformation processes [37] (p. 9). Gauthier and Gilliland [38]
mapped a range of contributions to the field of urban morphology by making distinc-
tions between internalist/externalist approaches and cognitive/normative studies. Urban
morphologists engage with the tangible outcomes of economic and social dynamics as
they take place on the ground [39] (p. 3). It has been argued that poor understanding of
urban morphology can lead to poor design interventions [34]. Berghauser Pont [40] argued
for adopting an analytical approach with a focus on measuring urban form. Araldi and
Fusco [41] put forward the Multiple Fabric Assessment method as a technique to analyse
and classify urban fabrics. Exploring access networks has become a key area of urban
design research as street patterns have the capacity to set a spatial framework for a range
of other urban design aspects [42] (p. 251). The spatial layout of informal settlements and
their locations in relation to the urban network can play a critical role in the extent to which
they become consolidated [43]. Fekade [44] argued that the process of pre-urban informal
development follows three stages: starting, boom, and saturation. While exploring the
morphologies of emerging settlements relies on the analysis of the built environment at
a given time, investigating the morphogenesis of settlement relies on the extent to which
emerging spatial patterns, incremental transformations, and codes can be analysed by
working backwards.
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Exploring complexity, self-organisation, and urban evolution has also become a key
theme in urban design and planning [45–48]. The seminal works of Jacobs [49] and
Alexander [50] on how cities work are among the early key contributions here. While many
urban thinkers including Patrick Geddes, Lewis Mumford, and Ebenezer Howard evoked
the concept of the city as organism, the idea of cities as organisms potentially leads to
confusion regarding the ways in which the built environment professions can engage with
designing cities [51] (p. 25). Even though urban planning has often been associated with
reducing complexity, the challenging task is to plan for generating and/or sustaining urban
complexity [52]. Harnessing the productive capacities of urban complexity relies on a
nuanced understanding of how self-organised environments such as emerging settlements
work. Alexander and others have engaged with the challenge of understanding and
developing generative processes [53–55]. Generative codes have also been explored further
in the context of traditional settlements [56–59]. There is also emerging research using
a shape grammar approach to explore self-organisation in informal settlements [60,61].
Much can be learnt from how incremental transformations work in emerging settlements
as they have often been materialised through generative processes of adaptation and self-
organisation. Our focus in this paper is on the process of morphogenesis to explore how
the incremental production of space works by mapping the emerging access networks
and buildings.
This study is among the early contributions to the evolving research theme exploring
the morphogenesis of emerging settlements. Mapping the emergence and incremental
transformations of access networks and buildings in this study enables us to address the
following questions. What are the increments of change in terms of access networks and
buildings? How do junctions emerge and change over time? What are the impacts of
pre-existing conditions, such as pathways, on emergent access networks and buildings?
How do incremental transformations work in emerging settlements? What are the relations
between emerging access networks and buildings? It is important to note that this is not
a study of the underlying social, cultural, political, and tenure conditions. This paper is
structured into four interrelated sections, including methods, analysis and results, discus-
sion, and conclusion. Following a concise description of research methods and case study,
we outline the results of the analysis in terms of emerging access networks, junctions, and
buildings, respectively. This paper concludes by discussing the key findings and further
exploring the relations between the emerging access networks and buildings.
2. Methods
This is an exploratory study focusing on a single case to investigate how the process of
self-organisation works, particularly in relation to emerging access networks and buildings.
We adopt an inductive approach to identify emerging types and an abductive approach
working backwards to analyse the process of morphogenesis. This is a morphogenesis
study in nature, which explores the formation and transformation processes of the built
environment [62] (p. 342). We use typology as a primary tool in urban analysis [63] (p. 6)
and urban mapping as a way of producing spatial knowledge [64]. Typology and urban
mapping have been previously used as key methods in emerging studies on forms of urban
informality [15,21,24–26,33,65,66]. Type can be conceptualised at the intersection of social
practices and the material realm [67] (p. 91). We used form types due to their capacity
to describe and analyse physical configurations in the built environment [63] (p. 5). In
this study, manual urban mapping has been adopted using Google Earth satellite imagery,
Google Maps, and web searches as the primary data source to analyse the emerging
access networks, junctions, and buildings in the selected case study. Several layers of
mapping have been overlapped using the QGIS software to analyse the ways in which
access networks and buildings have changed over time.
The emergence and consolidation of access networks and buildings have been chrono-
logically mapped to trace the process of change with a focus on emergent morphologies
and their incremental transformations. Mapping has been undertaken manually based on
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a database of multiple aerial photos (a total of seven aerial photos) of consistent intervals
(every two years since 2007), which were downloaded from Google Earth and further
superimposed. We kept a two-year interval between each layer of mapping to ensure
consistency regarding the duration of each increment. The coordinate reference system
WGS84/UTM Zone 32N (EPSG: 32632) was used for mapping. The selected case study
has been mapped at the same scale (an area of about 1.9 Square Kilometres) from 2007
to 2019. Mapping of the access network shows how and where different laneways and
roads have emerged and incrementally transformed over time. Several studies have also
focused on the analysis of access network, including Strano et al. [29], Porta et al. [31], and
Marshall [42], among others. Mapping of the buildings reveals the ways in which building
footprints and coverage have changed during the same period. Incremental adaptations
are integral to the fluidity of space and the ways in which improvisation works in emerging
settlements [68]. While a range of design and construction increments, such as extend,
attach, replace, divide, connect, and infill, can be identified [26], it is beyond the scope of
this paper to analyse the micro-scale increments of construction as our analysis here is
primarily at the settlement scale.
We have identified the following limitations, which are broadly related to case study
selection and research methods. Google Earth archives often incorporate multiple satellite
images from 2000 onwards. Many settlements that emerged and consolidated earlier than
2000 have been excluded as potential case studies with available data for chronological
mapping. Small sites, inner-city settlements, dense areas, emerging settlements with
linear morphology, and sites with a limited number or quality of satellite imagery have
also been excluded. Mapping emerging access networks at the micro scale can become
challenging depending on the extent to which narrow laneways and emergent pathways
can be manually traced on satellite imagery. Google Street View has not been available at
the time of data collection and analysis for the selected case study. Limited data availability
on the local context has been a critical challenge and our web search has yielded very little
knowledge in this regard. Exploring the underlying social, cultural, political, and tenure
conditions has been a key limitation of the study and remains a task for future research.
Case Study Selection
Nigeria has faced rapid urbanisation associated with urban centres enabling rural-
urban migration [69,70]. Challenges of land use management persist even though there
are policies regarding land management and urban development in Nigeria [71] (p. 2).
The challenge of planning in Nigeria was also discussed by Schatz [72] in relation to
development and economic growth. While the master plan of Abuja, the planned capital of
Nigeria, involved modern urban development, unplanned settlements have proliferated,
forming most places outside the city boundaries including some pre-existing settlements
as well [73] (p. 87). Adebanwi [74] critically reflected on the establishment of the centrally
located Abuja Federal Capital Territory succeeding Lagos. Most informal workers and the
urban poor live in peripheries and satellite settlements with long commutes to work [75]
(p.17). The Federal Capital Territory has an area of about 8000 square kilometres with
potentials for accessibility to other parts of the country [76] (p. 364). Land is subject
to forms of speculation in Abuja although the land within the territory belongs to the
government, which can put erected structures on informally purchased land at the risk
of demolition [73] (pp. 84–85). As a fast growing city in Africa with the growth rate of
8.32% per year [77,78], Abuja has become a laboratory of emerging settlements that can be
explored through different lenses.
The availability of satellite imagery with regular intervals provides an opportunity
for exploring the process of morphogenesis starting with actual physical traces illustrating
the step-by-step evolution of the access network and buildings. A range of emerging
settlements was scouted for case study selection. Availability of multiple aerial images
with reasonable quality has been one of the key case study selection criteria. Our attempt
has been to minimise the impacts of some influential factors, such as proximity to the
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main road, proximity to large urban settlements, and steep topography. Limited physical
proximity to the formal city at the settlement level has also been a key criterion for case
study selection to possibly minimise the impacts of the adjacent formal morphology on the
emerging settlement. We only considered places where a clear and consistent interval of
historical satellite imagery was available via Google Earth dating back to the initial core of
the settlement. It must be noted that investigating the socio-cultural and/or socio-economic
contexts is beyond the scope of this paper and can be explored in future studies.
Among numerous explored settlements, Gbessa (8◦55′49.57′′ N, 7◦15′19.36′′ E) was
selected as a case study to analyse the process of morphogenesis. The settlement is fairly
flat and relatively far from the first joint with the main road (about 3.3 Kilometres) and
other large urban settlements (about 6 Kilometres from Kuje). Figure 1 shows how the
settlement has evolved rapidly from 2007 to 2019. It is critical to avoid conceptualising infor-
mal/formal as apposing dichotomies with some clear boundaries and binary distinctions
since urbanism embodies a mix of informality and formality [79]. A more nuanced and
complex approach is required to explore cities in Africa as informalisation/formalisation
processes work together to produce urban forms and economies [80] (pp. 8–9). The infor-
mal/formal conceptual field developed by Dovey and Kamalipour [15] has enabled us to
locate the selected case study based on the informality/formality of the access network
and buildings. Our case study selection rationale is primarily morphological, and the
conditions of tenure, living, or legality have not been among the case study selection
criteria. The focus of this paper is on a single case study and there is no claim here for
generalisability to other settlements in the context of the global South and beyond.
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Figure 1. Selected case study 2007–2019.
3. nalysis and Results
In t i i , resent the case study analy is and point to range of key fi d-
ings. The analysis of emerging access network is followed by exploring differ nt types
of junctions in the process of morphogenesis to provide a b tter understanding of the
emergence and incremental ra f rmations of access n tw k. The morphogenesis of
buildings is then illustrated b sed on the analysis of the emer ing building footprints to
explore how the incremental product on of buildings plays out in relation to the emerging
access network. Certain spatial types in terms of emerging access network, ju ctions, a d
buildings are further identified as well.
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3.1. Emerging Access Network
Figure 2 shows the analysis of the emerging access network and the related increments of
change in the selected case study. We identified three types of spatial transformation, namely
add, alter, and remove. The underlying agencies of the outlined types are reflected in the ways
in which they are characterised as verbs. The identified types of incremental change have been
mapped using red, green, and blue in Figure 2 to illustrate those parts of the access network that
have been added, altered, or removed, respectively. The existing parts of the emerging access
networks at a given time in each increment are also illustrated in Figure 2 using a black colour.
The key attributes of the outlined increments of change are addressed in the following sections.
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3.1.1. Add
Add is the most prevalent increment of change. Figure 2 shows how the existing access
network became expanded over time through a number of additions in each increment
from 2007 to 2019. The extent of the spatial evolution through expansion is not necessarily
the same across different increments. Nevertheless, the overall spatial expansion of the
access network is more towards the West than the East side of the emerging settlement due
to some pre-existing features in the East, including a major road and waterway. While such
features may enable a range of possibilities at the macro scale, they can constrain spatial
expansion towards certain directions at the settlement scale. Pre-existing features at the
settlement scale seem to play a crucial role in the ways in which new segments have been
added to the existing access network in each increment. The emerging segments of the
access network often follow the trajectory of some existing pathways and physical traces of
linear movement on the ground. Certain patterns of informal movement leave physical
traces, which can then be picked up to guide the evolution of the emerging access network
in process of self-organisation. The impact of the pre-existing pathways on the emergence
of access networks has been previously outlined by Ribeiro [27]. Pre-existing features have
the capacity to guide the formation of an emerging access network. Yet, parts of the access
network do not necessarily follow the existing traces of physical movement on the ground
(Figure 2). A key characteristic of the addition type lies in its capacity to enhance spatial
connectivity. The evolvement of the access network is geared to the provision of physical
access to emerging buildings, and the emergence of new pathways in each increment often
corresponds with the addition of new buildings. The relations between the emerging access
network and buildings will be addressed later.
3.1.2. Alter
Alter is another common increment of change where elements of the access network
adapt in response to the changing condition often to facilitate the emerging patterns of
movement. Alteration incorporates a range of incremental adaptations. Following the
analysis of the emerging access network in Figure 2, we identified different alteration types,
namely modifying corners, shifting one end, widening/narrowing, and straightening.
The identified forms of alteration are further illustrated in Figure 3 to show how each
type plays out. As a form of alteration, corner modification takes place to smoothen the
transition between intersecting segments of the access network often to enhance the flows
of movement. Shifting one end is another form of alteration where changing one end of
certain segments becomes a typical adaptation within the access network. This includes
minor adjustments of the emergent parts of the access network in each increment. There are
a few examples of this form of alteration (Figure 3). This type often takes place in relation
to emerging flows of movement. Another key type of alteration is about forms of widening
or narrowing some existing parts of the access network. Widening often takes place where
the trajectory of movement remains relatively unchanged along certain parts of the access
network, which often accommodate movement flows and stay put over time. It seems
that choice and likelihood of use play a key role here as the network becomes expanded
over time. Those parts of the access network, which have been used more frequently,
are likely to become wider and maintain their trajectory over time. Widening is then a
form of spatial stabilisation. There have also been only a few instances of narrowing over
time. Straightening the trajectory of movement is one of the primary forms of alteration,
which often takes place along some windy parts of the access network. Straightening the
movement trajectory can become particularly important in the process of expanding the
access network to enhance the continuity of movement flows.
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3.1.3. Re ove
Remove is a specific type of change where a part of the emerging ac es network gets
removed over time. The significance of this type lies in its capacity to unravel how the
proces of self-organisation works in response to changing circumstances by revising its
incremental develop ent. Self-orga is ti is about incre ental elimination as wel as
adaptation and addition. Certain parts of the ac es network have often be n eliminated
where there has be n limited scope for adaptation to emerging conditions. Removal often
takes place where certain parts of the existing ac es network overlap with emerging
buildings. hile for al interventions and regulatory frameworks prescribed in certain
planning regimes may also lead to the elimination of self-organised parts of the access
network, it is beyond our scope here to explore how formal planning can enforce or
facilitate the process of elimination. In the later stages of network expansion, elimination
occurs to remove those windy parts of the access net ork to pave the ay for the formation
of a regular grid or straighten the trajectory of movement.
3.2. Emerging Junctions
The emerging junctions are integral to the evolution of the access network. The
incremental production of the access network gives rise to the emergence of multiple forms
of junctions. Some of these junctions become consolidated over time. Following the analysis
of the emerging access network, we identified four primary types of junctions, namely T,
Y, X, and Mixed shape, by exploring how different movement trajectories intersect. This
typology is pri arily orphological with a focus on the spatial patterns of emerging
junctions. The outlined types are illustrated in Figure 4, and their key characteristics are
explored in the following sections.
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3.2.1. S a e
The T shape junctions emerge where a perpendicular pathway becomes connected to a
conti uo s route. A 30-degree variation hreshold was accounted for. Beyond that, it would
be classified a Y-shape junction. The distinction betwee the T and Y junctions is critical
a they correspond to different morphogenesis proces es. The T-shape junctions ofte
appear in the rapidly developing parts of the access network and represent a geometrical
order, whereas the Y-junctions seem to correspond to natural pedestrian flows in emerging
access networks. The T-shape junctions can transform into the X-shape when a new
intersecting pathway is introduced.
3.2.2. Y Shape
The Y-shape junctions emerge where a pathway branches out into two or a secondary
pathway branches out of an ongoing main route. The Y-shape junctions are among the
most prevailing types in the early stages of the access network formation. The natural
pedestrian movement has a tendency to form paths that minimise the angular changes [81].
In this study, if two out of three pathways originating from a junction show a 120-degree
angle or more, the junction is classified as a Y-shape. It seems that the Y-shape junctions
frequently appear in the early stages of development as shortcuts to reduce the travel
distance between different parts of the emerging access network.
3.2.3. X Shape
The X-shape junctions emerge where four pathways intersect or originate from a
point. The most common instance of this type takes place when two continuous pathways
cross each other. It also emerges where two pathways originate from a single point on a
pathway, or just four independent pathways sharing a junction. The X-shape junctions
often take place along the main pathways and are less frequent in inner parts of the network.
The prime 90-degree angled X-shape junctions are not frequent in the initial form of the
access network. The initial X-shape junctions tend to form angles that are in favour of a
direction. The nature of this direction seems to be related to the hierarchy of movement in
the network.
3.2.4. Mixed Shape
The m xed shape junc ions are among the critical features of the initial access network
incorp rating ultiple intersecting athways. This type is rare compared to the others, but
it often emerge in the central part f the merging access network where many primary
pathways t nd to originate fr m a few central points. The mixed hape junctions are oft n
stable and resilient, showing little to no c ange as the cc ss etwork ev lves. New mixed
shape junctions may also occur where the X-shape junctions are joined with emerging
pathways as the access network grows.
3.3. Emerging Buildings
Figure 5 shows the analysis of the emerging building footprints and their incremental
transformations in the selected case study. We broadly identified two types of incremental
change: add and remove. The identified types of spatial transformation have been mapped
using red and blue in Figure 5 to illustrate the added or removed building footprints,
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respectively. The existing building footprints at a given time in each increment are also
illustrated in Figure 5 using a black colour. Adding seems to be the most prevalent type of
incremental change here. The extent and direction of spatial dispersal are not necessarily
the same across different increments, even though the overall spatial expansion of the
emerging building footprints is more towards the West than the East side of the settlement.
The early development process is an exception as the spatial dispersal of the emerging
building footprints can be observed in different directions (Figure 5). The relations between
the emerging buildings and access network are further explored in the discussion section.
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4. Discussion
Following the analysis of the emerging access network (Figure 2) and building foot-
prints (Figure 5), we identified three forms of relation: access first, building first, and
co-production. Figure 6 illustrates the relations between the emerging access network and
buildings. Access first is a primary form of incremental development. The initial stages of
development show many footpaths that would later become integrated elements of the
access network. These elements are often outgoing pathways formed over time, connecting
to external resources, such as waterways, roads, nearby settlements, or farmlands. The
building footprints emerge around these elements after being established as a part of the
access network. Observations indicate that the most significant access network elements
have emerged in relation to external destinations prior to building footprints. Building
first is another key form of incremental development. In some cases, new structures en-
courage the formation of new access network elements. Generally, a new building cannot
be constructed without an initial link to the existing access network. Nevertheless, these
new buildings often become connected to the access network via more than their initial
construction link. The new buildings, in this case, are often emerging destinations that
influence the future development of the access network. Observations indicate that the
new buildings often tend to reach the existing access network via the shortest available line.
Hence, the emerging pathways in this process are more likely to form T-shape junctions.
Co-production is a prevailing form of incremental development where access network
and buildings co-evolve in emerging settlements. Most changes in the internal spatial
structure of the settlement have come about through adaptive processes of co-production,
enabling an ongoing interaction as the access network elements and building footprints
evolve. The co-produced spatial structure is the result of many incremental steps linking
the emerging access network and buildings. The analysis shows new buildings that remove
an existing shortcut, and, simultaneously, influence the formation of new access network
elements. The new buildings may also impact the previously mentioned altering processes
of modifying corners, shifting one end, widening, or straightening.
Land 2021, 10, x FOR PEER REVIEW 11 of 17 
 
Following the analysis of the emerging access network (Figure 2) and building foot-
prints (Figure 5), we identified three forms of relation: access first, building first, and co-
production. Figure 6 illustrates the relations between the emerging access network and 
buildings. Access first is a primary form of incremental development. The initial stages of 
development show many footpaths that would later become integrated elements of the 
access network. These elements are often outgoing pathways formed over time, connect-
ing to external resources, such as waterways, roads, nearby settlements, or farmlands. The 
building footprints emerge around these elements after being established as a part of the 
access network. Observations indicate that the most significant access network elements 
have emerged in relation to external destinations prior to building footprints. Building 
first is another key form of incremental development. In so e cases, ne  structures en-
courage the formation of new access network elements. Generally, a new building cannot 
be constructed without an initial link to the existing access network. Nevertheless, these 
new buildings often become connected to the access network via more than their initial 
construction link. The ne  buildings, in this case, are often emerging destinations that 
influence the future development of the a ce s network. Observations indicate that the 
new buildings often tend to reac  the existing access network via the shortest vailable 
line. Hence, the emerging p thways in this proc ss are more likely to form T-shape ju c-
tions. Co-pr duction is  prevailing form of incremental development where access net-
work an  buildings co-evolve in emerging settlements. Most changes in the i ternal spa-
ial structure of the settlement have come about through adaptive processes of c -produc-
tion, enabling an ongoing interaction as the access network elements an  building foot-
prints evolve. The co-produced spatial structure is the result of many incremental steps 
linking the emergi g access etwork and buildings. The analysis shows new buildings 
that remove an existi g shortcut, and, simultaneously, influence the form tion of new ac-
c ss network elements. The new buildings may also impact the previously menti n d al-
tering processes of modifying corners, shifti g one end, widening, or straightening. 
 
Figure 6. The relations between the emerging access network and buildings. 
Earlier in this paper, we analysed the emergence of different junctions and catego-
rised them into the T-shape, Y-shape, X-shape, and Mixed shape junctions based on their 
morphological types. In what follows, we discuss how certain types of junction emerge 
more frequently than others and how the percentages of different types also change over 
time. Figure 7 shows how the frequency and percentage of each junction type changed 
over time. The frequencies and percentages of different types have been analysed over 
Figure 6. The relations betwe n the emerging ac es network and buildings.
Earlier in this paper, we analysed the emergence of different junctions and categorised
them into the T-shape, Y-shape, X-shape, and Mixed shape junctions based on their mor-
phological types. In what follows, we discuss how certain types of junction emerge more
frequently than others and how the percentages of different types also change over time.
Figure 7 shows how the frequency and percentage of each junction type changed over
time. The frequencies and percentages of different types have been analysed over time by
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counting the number of each junction type from 2007 to 2019. While the percentage of the
X-shape junctions remains relatively unchanged, particularly after the early development
process, the percentages of the T-shape and Y-shape junctions have considerably changed
over time. We found two significant trends of change in the percentages of specific types,
mainly the T-shape and Y-shape junctions. The emergence of the Y-shape and T-shape
junctions has also been observed by Ribeiro [27] in Vila Paranoa where the formation of the
Y-shape junctions was associated with diverging/converging patterns of movement in the
initial stage of development. The emergence of the T-shape junctions was then associated
with how the primary network of pathways met the secondary network of pathways in
the subsequent development stage [27] (pp. 295–296). This is a significant finding in
the context of emergent morphologies since the outlined types of junction incorporate
different patterns of movement, as shown by Ribeiro [27] (pp. 296–297). Figure 7 shows
how the percentage of the Y-shape junctions drops as that of the T-shape junctions rises
from 2007 to 2019.
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The previously mentioned patterns of change can be explored further in relation to
the ways in which settlements emerge and become consolidated over time. The observed
T-shape junctions seem to be related to certain geometrical properties of land ownership,
planning, and infrastructure that come along with the rapid process of development. The
adaptation processes that form the Y-shape junctions are often the result of preferred
pathways that form gradually as emerging footpaths evolve to become more dominant
routes. This seems to be flexible in the initial stages of development where there are
limited spatial restrictions. Furthermore, the rapid development often comes with new
infrastructure favouring planned junctions with clear geometries. Accordingly, as the
access network evolves, the T-shape junctions become more abundant than the Y-types.
While the Y-shape junctions are associated with natural movement, which often works
with less angular change when moving towards the centre, the T-shape junctions seem
to correspond to the neat separations of land. As the analysis indicates, many Y-shape
junctions were transformed into other types. This is most visible in the eastern part
of the settlement where many Y-shape junctions were formed in the initial stages of
development, but the adaptation processes reshaped them into the T-shape junctions in the
later stages of incremental transformation. This transformation process may also indicate
the formalisation of the access network as well.
A key finding of our study is about the relations between the emergence and consol-
idation processes in the context of morphogenesis. Figure 8 shows how the incremental
productions of the access network, junctions, and buildings have changed in relation to
each other from 2007 to 2019. While the production of the access network and buildings
was more or less close to each other in terms of frequency in the early stage of development,
the production of buildings became considerably more than that of the access network in
the later stages of incremental transformation. Making a distinction between t e emergence
and co solid tion processes an play a key role here. Emerge ce can be consid red as t
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initial process of development where territorial claims are being made. Consolidation is
often a subsequent process of densification. The production of the access network seems
to become significantly less than that of buildings in the consolidation process (Figure 8).
Our finding here sheds light on the importance of the access network in the overall layout
of emerging settlements. The scope for substantial change in access network seems to
become limited once emerging settlements enter the consolidation phase. In other words,
certain parts of the emergent access network become stratified as emerging settlements
become consolidated. The infill process can then become the primary form of development.
Building density can also become higher, particularly in terms of coverage. The production
of buildings in the process of densification has been mostly horizontal and low-rise in the
selected case study. The analysis shows how emerging settlements can reach a plateau in
terms of the production of the access network and how the production of buildings can be-
come noticeably more than that of the access network as settlements become consolidated.
Further examination of the relations between emergence and consolidation remains a task
for future research.
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5. Conclusions
Cities are being made and remade by many, including the ordinary individuals. Our
focus in this paper has been on exploring how the process of morphogenesis works in
relation to the incremental production of access network and buildings. We analysed the
emergence and incremental transformations of the access network and buildings in an
emerging settlement to provide a better understanding of the dynamics of self-organisation
and adaptation. Following the analysis of emerging access network, we identified three
primary types of change: add, alter, and remove. A typology of emerging junctions has
also been developed by specifying four morphological types, including the T, Y, X, and
Mixed shape junctions. We also mapped the incremental production of buildings and
observed that the incremental transformation of buildings primarily incorporated practices
of addition and removal, among others. While we analysed the incremental production of
the access network and buildings in turn, it is critical to note that they cannot be simply
addressed in isolation from each other. Observations indicate that, while buildings can
be influential in the process of altering the emerging access network, they seldom are the
generators of the access network. They often seem to have impacts on the emerging access
network by modifying individual elements.
Additions and alterations are often considered as typical increments of change in
adaptive processes of self-organisation. Yet, removal is arguably the most intriguing
increment of cha ge, particularly in the context of emerging access networks. Alexander
et al. [82] ( . 77) elab rated n how incremental changes c n be considered as repairs in the
urban fabric and how repairing is int gral to incre ental ch nge with a realistic view that
mistakes are, by nd l rge, i evitable. Increments of change, including remove, can work as
forms of repair adapting to a range of emerging needs and desires. The reflective capacities
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of adaptation play a key role here in correcting possible mistakes over time. Aligned
with what Schön [83] called ‘reflection-in-action’ in relation to professional knowledge,
we argue that such adaptive processes in the context of the built environment cannot be
simply considered as random practices of trial and error since they often incorporate an
underlying logic regarding how on-spot reflections on possible consequences of different
increments can effectively inform forthcoming transformative actions.
Exploring the morphogenesis of emerging settlements is an evolving field of research
and this study is among the early contributions. Following the analysis of emerging access
network, junctions, and buildings, we explored the relations between the incremental
production of the access network and buildings and identified several spatial types. It is
important to note that the types we outlined in this paper are by no means archetypes,
prototypes, or ideal types. While we have identified a range of typical processes and forms
of adaptation in this study, there is no claim that the specified types are generalisable in a
global context. Types emerge and unfold over time. Undertaking further empirical research
using typology and chronological mapping across different case studies remains a key task
for future research. It is also critical to develop relevant theoretical frameworks and examine
the generalisability of the identified types. Adopting an essentialist approach to articulate
the ways in which morphogenesis works in emerging settlements can be problematic, as
we are not necessarily dealing with the production of some pre-existing images, rigid
outcomes, or fixed entities in emerging settlements. What might be considered as a whole
in this context is an emergent place in the process of becoming. Moving towards developing
effective and adaptive design interventions relies on a sophisticated understanding of how
the process of morphogenesis works in emerging settlements.
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